We discuss the importance of mixing between glueballs -bound states of gluons -and excitedqq states for the glueball search. A preliminary study of the excited states in the Extended Linear Sigma Model (eLSM) suggests their masses in the scalar channel to be in the vicinity of the scalar-glueball mass found in Lattice QCD. This could have implications for future glueball searches. This article has been prepared for Proceedings of the 12th International Conference on Low Energy Antiproton Physics, Kanazawa/Japan, March 6-11, 2016.
resonances have been alternatingly discussed as states with a large glueball component [7, 8] ; a recent approach from large-N c holographic QCD has even suggested f 0 (1710) to be compatible with a pure glueball [9] .
The mentioned mixing scenarios are based on the assumption that the scalar glueball mixes only with ground-stateqq mesons. This is, however, not the only option: mixing may also occur with the first excitations ofqq states. Glueball properties may change in this case -and this is of high importance for experimental glueball searches [10, 11] . However, the excitedqq states can only influence other mesons if the masses are reasonably close to each other. Thus, in this article, a preliminary study of excited-quarkonia masses is presented; further phenomenology of these states will be discussed in Ref. [12] .
Excited Quarkonia and eLSM
Excited mesons were first studied several decades ago [13] ; to date, they have been considered in a wide range of approaches including QCD models / chiral Lagrangians [14] , Lattice QCD [15] , Bethe-Salpeter equation [16] , NJL Model and its extensions [17] , light-cone models [18] , QCD string approaches [19] and QCD domain walls [20] . Chiral symmetry has also been suggested to become effectively restored in excited mesons [21] .
In this article, excited mesons in the scalar and pseudoscalar channels are studied by means of an Extended Linear Sigma Model (eLSM), a wide-ranging approach to non-perturbative QCD incorporating (i) chiral symmetry and its breaking; (ii) dilatation symmetry and its breaking; (iii) symmetry under charge conjugation, parity and time reversal, respectively; (iv) ground-state scalar, pseudoscalar, vector and axial-vectorqq states in three flavours; (v) a pure scalar dilaton (glueball) state and (vi) the first excitations in the three-flavour scalar and pseudoscalar channels. The model without the excited states has already been used to study broad phenomeonology of mesons, see Refs. [8, 22, 23] and references therein.
The eLSM Lagrangian is constructed analogously to that presented in Ref. [8] ; as indicated above, only masses of the excited quarkonia will be discussed in this article for which the relevant part of the Lagrangian reads
In Eq. (1), G is a scalar dilaton field whose Lagrangian describes the trace anomaly of QCD [24] and G 0 is the expectation value of G; here, G = G 0 since only quarkonia will be discussed below. Φ is the multiplet of scalar S and pseudoscalar P quarkonia reading [T i : generators of U(N f = 3)]:
Φ E , the multiplet of excited scalar and pseudoscalar quarkonia, is then defined analogously to that of Eq. (2):
The Lagrangian in Eq. (1) 
Spontaneous breaking of the chiral symmetry is implemented by introducing non-vanishing vacuum expectation values φ N and φ S of the non-strange and strange scalar isosinglets σ N and σ S , respectively (but not for their excited counterparts [25] ). Explicit chiral-symmetry breaking is implemented by the constant matrix δ E = diag(0, 0, δ) where the first two entries are proportional to masses of up and down quarks (≃ 0) and the third entry to the s-quark mass.
The mass terms of the excited quarkonia are as follows:
Six parameters are present in the mass terms; two of them, λ * 1 and κ 2 , are suppressed in the limit of large number of colours and are therefore, as a first approximation, set to zero. The remaining parameters (m * 0 , λ * 2 , ξ 2 and δ) must then be determined from at least four experimentally known meson masses. (Note that the values of the condensates φ N and φ S were determined in Ref. [23] .) Previous studies relying on the model used in this article have found ground-state scalar quarkonia to populate the energy region above 1 GeV [22, 23] ; the excited scalarqq states would then need to emerge as multiplets with exactly the same quantum numbers and even higher masses. However, the availability of experimental candidates for excited scalars -as well as pseudoscalars -is at times limited or their identification is unclear:
• In the scalar (J P = 0 + ) channel, resonances with masses between 1 GeV and 2 GeV listed by the PDG [3] are f 0 (1370), f 0 (1500), f 0 (1710), a 0 (1450), K ⋆ 0 (1430), K ⋆ 0 (1950) and f 0 (2020). The first five are assumed to represent ground-state quarkonia with glueball admixture in the f 0 resonances (see Refs. [8, 22, 23] and references therein); the last two currently lack confirmation. In this article, the f 0 (1790) resonance [5, 6] is assumed to represent the excited scalar isosinglet nn state due to its predominant decay into pions while the kaon decay is strongly suppressed. Consequently it is assigned to σ E N .
• In the pseudoscalar (J P = 0 − ) channel, resonances with masses between 1 GeV and 2 GeV listed by the PDG [3] are η(1295), π(1300), η(1405), K(1460), η(1475), K(1630), η(1760), π(1800) and K(1830). Pseudoscalar ground-state quarkonia have masses below 1 GeV -thus there appear to exist sufficiently many candidates for the excitedqq pseudoscalars but a complication is that the η(1405) and η(1475) resonances have been claimed to represent a single state denoted as η(1440) [26] . In this article, η(1295) is taken to represent the excitednn pseudoscalar isosinglet η E N while the isotriplet state π E is assigned to π(1300). Furthermore, η(1440) is assumed to represent the excited pseudoscalarss state η E S due to the decay patterns (see Ref. [26] ) and the mass difference to η(1295). The excited kaon K E is assigned to K(1460).
With these assignments, the following mass values are used to determine the unknown parameters in Eqs. (4) - (10): (i) m π E = 1300 ± 100 MeV [3] ; (ii) m η E S = 1432 ± 10 MeV [26] ; (iii) m K E = 1460 ± 73 MeV [3] and (iv) m σ E N = 1790 ± 35 MeV [6] (the error here is average of the upper and lower values reported in Ref. [6] ). Note that no mass error for K(1460) was obtained in analyses cited by the PDG; therefore, a generic mass uncertainty of ±5% (≡ ±73 MeV) is used for this resonance in accordance with general precision aims of the model [22, 23] .
The above data allow for determination of the parameters as well as masses (including theoretical uncertainties stemming from the experimental ones) in Eqs. (4) - (10) . Results are presented in Fig. 1 and compared to the experimental data. (1790) since the a E 0 -σ E N mass splitting is determined by the large-N c suppressed parameter κ 2 that was set to zero in Eq. (4) .] There is currently no experimentally known candidate for a E 0 ; contrarily, the scalarss isosinglet and the scalar kaon are very close to the (as yet uncofirmed [3] ) f 0 (2020) and K ⋆ 0 (1950) resonances. It needs to be noted however that the f 0 channel in particular is susceptible to effects of mixing that may alter mass patterns. Additionally, since the simulations of pure-gauge Lattice QCD obtain the mass of the scalar glueball to be ≃ 1.7 GeV [27] , we can conclude that our excited isosingletqq mesons are sufficiently close to possibly influence glueball phenomenology. This is currently under investigation [12] .
Summary and Outlook
Excited scalar and pseudoscalarqq mesons containing u, d and s quarks have been investigated in the Extended Linear Sigma Model (eLSM) that, in addition to the excited states, also contains ground-state scalar, pseudoscalar, vector and axial-vector degrees of freedom. The model implements the chiral and dilatational symmetries and their breaking as well the discrete symmetries of QCD (charge conjugation, parity and time reversal). Assuming the resonances π(1300) [3] , η(1440) [26] , K(1460) [3] and f 0 (1790) [5, 6] Further investigation of the excited mesons appears warranted. The importance of antiproton data has to be particurly emphasised in this regard aspp collisions were a highly successful experimental tool in meson physics of the past (see, e.g., Ref. [28] ) and consequently possess a high potential for discoveries in the future, for example at PANDA@FAIR [10] .
